The successful application of adaptive management to the science and practice of restoration ecology requires specific knowledge about the outcomes of past restoration efforts. Ideally, project results would be readily available to scientists or other project managers with similar goals or in analogous ecosystems. Recently, there has been a proliferation of Internet-accessible databases, lists, and case studies of stream and river restoration projects. These resources include a wide range of information that could be accessed to aid natural resource and conservation professionals in restoration. In the U.S. Pacific Northwest, the National Marine Fisheries Service's Northwest Fisheries Science Center and, on a national scale, the National River Restoration Science Synthesis are combining existing national and regional databases, along with the individual project descriptions, to create comprehensive, web-based databases of stream restoration projects. In this process, more data sources were discovered than fit the scope of either of these projects. Ten international, 19 U.S. national, and 42 U.S. regional web-accessible sources of restoration project databases and case studies are listed in this study. However, to easily use information that is currently scattered in multiple files and Web sites, databases would optimally use a common, standardized format. We provide a recommended list of information to be included in restoration databases. These efforts may provide a blueprint for development of compatible international databases of stream restoration projects.
The Need for Stream Restoration Databases and Case Studies
Major efforts have been initiated throughout the world to maintain and improve the ecological integrity of streams by restoring natural fluvial and landscape processes (NRC 1992; Henry et al. 2002) . Bernhardt et al. (2005) found that on average, more than 1 billion dollars are spent each year on stream restoration in the United States. Restorationists have recognized the need for postproject monitoring and reporting to improve future restoration projects and share lessons learned with other practitioners (Kondolf & Micheli 1995; Landers 1997; Lake 2001) .
Databases and case studies of restoration projects enable restorationists to save money, time, and effort by avoiding mistakes made by others; to adopt proven strategies to improve their probability of success; and to know about past projects conducted within their watershed to coordinate efforts (Clewell & Rieger 1997) . River expert, Luna Leopold, spoke about this opportunity in 1997:
' ' We have a problem in river restoration .. The problem is lack of communications and trading of experiences. As a result, successes in field restoration are little known, while mistakes are repeated indefinitely ..
What is needed is a gradually accumulating file of case studies describing with text the illustration of the original condition, an assessment of the basic cause of the problem, the techniques and construction details of treatment, and an objective analysis of the result.'' (Leopold 1997) Regional project information also sheds light on the performance of specific species or techniques, in addition to sources of local materials, contractors, and volunteers. Therefore, even an ecologically unsuccessful project may be termed a partial success if it improves future project design (Palmer et al. 2005) .
Knowledge of where different activities have been implemented in a watershed can help inform conservation planning. With specific location information from a restoration database, future restoration projects could be designed to link areas of higher ecological integrity, thereby extending the effectiveness of restoration efforts. This allows new restoration activities located in areas without previous restoration to be successfully monitored without prior projects masking or confounding observed results. Also, knowledge of past or ongoing restoration activities would help prevent the implementation of projects that may cause detrimental effects on projects underway downstream.
Databases could also demonstrate the value of improving the integrity of stream ecosystems to funders and policymakers. Costs could be assessed and evaluated against reported social and environmental successes. Such evaluations could provide greater information for making annual budgetary recommendations for programs that fund restoration projects. Information contained within databases also could aid the prioritization of how and where to allocate limited restoration (e.g., a particular stream reach that could link existing projects or a critical but underfunded program area). Improved accessibility and exchange of information on specific restoration projects will increase the scientific understanding of stream ecosystems along with the collective ability to conduct successful projects (Kershner 1997; Leopold 1997; FISRWG 2001) .
The objectives of this study are 3-fold: (1) to provide a listing of publicly available international, U.S. national, and U.S. regional databases on river and riparian restoration; (2) to discuss the challenges of available databases; and (3) to provide recommendations on fields of information to be included in restoration databases, thereby improving their usefulness to restoration practitioners, conservationists, funders, and policymakers.
Methods
This study is a result of projects conducted by the National River Restoration Science Synthesis group (NRRSS) and National Oceanic and Atmospheric Administration's (NOAA) National Marine Fisheries Service's Northwest Fisheries Science Center (NWFSC). The NRRSS project consists of a team of university scientists and graduate students from the United States and Australia, who compiled information on river and riparian restoration activities occurring in the past 30 years to characterize the practice of river restoration and identify common elements of successful river restoration projects. NRRSS identified databases, lists, and case studies of river restoration projects using Internet searches, networking, and phone calls (see Bernhardt et al. 2005 , for a more detailed description). The information contained within collected data sources was entered into a database housing more than 14,000 project records.
Concurrently, the NWFSC developed a separate database, in partnership with the NRRSS project, which includes information on 23,000 projects in the states Oregon, Washington, Idaho, and Montana. Driving this project was the designation under the Endangered Species Act of more than 20 ''evolutionarily significant units'' of salmon and steelhead as endangered or threatened within the Pacific Northwest. The NWFSC Pacific Northwest Salmon Habitat Project Tracking Database was developed to improve regional tracking and evaluation of the effectiveness of stream restoration. The 23,000 project records of various formats were transformed into a single spatially explicit prototype database designed to be compatible with the NRRSS database. More than 37,000 project records covering all the United States and Southeast Australia makeup the combined NRRSS/NOAA NWFSC dataset (Bernhardt et al. 2005) .
International, U.S. National, and U.S. Regional Databases and Case Studies
In the process of compiling the NWFSC and NRRSS databases, we encountered numerous web-accessible databases, many more than fit the scope of our projects. The title of each source, its web address, the number of restoration projects described, and a short description are listed for 10 international databases in Table 1 , 19 U.S. national databases in Table 2 , and 42 U.S. regional databases in Table 3 . Approximately 23 of the 71 sources listed include case studies. International databases are those that cover either the whole or the parts of a single country other than the United States (e.g., The Danish Centre for River Restoration) or those that contain records for multiple countries (e.g., the Community Mapping Network Project Directory). U.S. national databases include databases of projects by federal agencies, nongovernmental organizations, and corporations specializing in restoration. Finally, the majority of U.S. regional sources (33) are either state government agencies or state-based organizations.
Challenges Associated with Using Current Databases
Progressively, more and more electronic databases are being developed explicitly to track river restoration and to allow the transfer of information on restoration projects across basins, ecoregions, and continents. In the United States, among others, the Army Corps of Engineers, the U.S. Forest Service, the Bureau of Land Management, and the National Park Service are currently working to create databases for their river restoration projects. The European River Restoration Network is also developing a river restoration database.
The wide variety of activities associated with stream restoration makes compilation of project descriptions and (Jungwirth et al. 2002; Shields et al. 2003) . For example, within the United States, stream restoration in the Pacific Northwest focuses on restoring endangered salmon habitat, whereas Chesapeake Bay restoration centers on improving water quality (Bash & Ryan 2002; Mayer et al. 2004; Palmer et al. 2004) . Depending on the area, the same activities can be either restorative or detrimental. In Southeast Australia, exotic willow removal and bank stabilization with native plantings dominate restoration activities (Ladson et al. 1997; Bobbi 1999) , whereas restorationists in other areas plant native willow species to restore riparian vegetation.
The majority of available international, national, and regional restoration databases and case studies (Tables 1-3) include basic descriptive information such as contact information, dates, location, cost, and project goals or activities. Because these databases are designed with different goals and scopes, they contain varying amounts of information and detail, which enables different levels of recall and evaluation. The level of detail in these databases tends to vary inversely with the scale of the region described. Generally, regional databases contain the most detailed information, followed by national and multinational databases. To our knowledge, Oregon and Washington currently lead the world in number, size, detail, and Internet availability of stream restoration databases (Table 3) .
Sharing restoration knowledge through data sources available over the Internet can expand the learning potential of restoration ecology. However, given the variety of formats and data fields in existing databases, answering the question of ''Where have pool habitat restoration projects occurred in the John Day River, Oregon?'' could require days of searching through various Web sites to find an adequate population of projects from which to learn. For example, different Pacific Northwest databases describe location information in different ways: state, county, latitude, longitude, Township Range Section, Stream, Subbasin, Latitude-Longitude ID, Hydrologic Unit Code, and begin and end stream mile. In addition, project reporting can be complicated by the fact that multiple objectives, sites, and phases of a single project are common, and project locations on private lands may be sensitive. A single project may be reported by more than one entity or with more than one funding source with dissimilar information, causing multiple and differing listings of a given project.
As new databases are developed, the acceptance and usage of similar formats will allow information to be readily synthesized and queried to avoid overlap across databases. As part of the NRRSS project, a database structure was developed by Bruce Powell at U.S. Geological Service National Biological Information Infrastructure. The database schema is free and publicly available at http:// nrrss.nbii.gov/schema.html. This may serve as a blueprint for similar efforts and as the structure upon which global datasets are developed and combined.
Working toward an Ideal Stream Restoration Database
NRRSS reviewed approximately 500 data sources for river restoration projects over three years and had developed a summary database with fields chosen to represent quantitative information on restoration projects (Bernhardt et al. 2005 ). This information was found to be available from many existing data sources and, although useful, lacked the depth and detail to really understand the outcomes of the project. A more effective data reporting scheme would include information on why the project was done, how it was planned, specific activities, types of professionals involved, and also how the project was monitored and evaluated, what successes and failures were identified, and project constraints. Based on the experience of compiling and analyzing synthesis database, we suggest that the types of information to be included in the ideal stream restoration database are: In general, databases and lists provide basic facts but often lack the specificity and depth of case studies. The story behind the project often provides more insight than project cost or size information found in databases. Case studies also address human dimensions (e.g., social or economic) that are more difficult to quantify (e.g., community sentiment for stewardship, increased capacity to construct more beneficial projects, economic growth related to a restored site, and personal and spiritual rewards of restoration). For this reason, databases should not replace case studies, but through web links, the latter can continue to enhance the depth of the former.
In the future, researchers will be able to compare the effects of specific restoration techniques, particularly if a restoration database contains links to documents containing information on monitoring efforts, such as (1) monitoring criteria and protocols; (2) baseline and/or reference reach data; (3) as-built surveys; (4) postproject monitoring data; and (5) analytical summaries of major findings. However, in order for this to happen, increased availability of funds for monitoring and/or mandated monitoring funding will be necessary.
Conclusions
Without coordinated data tracking of restoration projects, we will be limited in our ability to draw conclusions about restoration effectiveness at scales larger than the individual project. In order to maximize the cost-effectiveness of restoration efforts as components of watershed and basin management strategies, we must begin to examine the cumulative impacts of restoration projects at these larger scales. At a minimum, various management agencies need some mechanism for sharing information about restoration projects in the same watershed between and across institutional boundaries. In the ideal scenario, seamless integration of project information at all scales will encourage and enable evaluation and research on populations of projects and facilitate information sharing between restoration practitioners, managers, and scientists.
